The chemical compositions of selected essential oils from North Africa, especially Morocco, of geranium, wild Moroccan chamomile and rosemary as well as absolutes of rose and geranium were determined using GC/FID and GC/MS. These oils and absolutes were tested concerning their antimicrobial activity against some food spoilage strains obtained from fresh milk and minced meat products, like sausages and pork fillet, in accordance with ISO testing procedures. Gram-positive (Bacillus cereus and Staphylococcus aureus) and Gram-negative (Escherichia coli, Salmonella abony and Pseudomonas aeruginosa) strains were used, as well as the yeast Candida albicans. Using a serial broth dilution method, all samples demonstrated weak antimicrobial activity against the Gram-negative bacteria and the yeast, compared with the activity towards the Gram-positive bacteria.
The applications of essential oils for pharmaceutical uses have been known for centuries and, in the European Pharmacopoeia 2008, 28 essential oils are described for medicinal purposes [1] . Especially in third world countries, herbal medicine and essential oils are often used as remedies for infectious and internal diseases often in place of more sophisticated medical treatments [2] [3] [4] . In the more industrialized world essential oils are mainly used for aromatherapy and in the so-called "wellness business" [5] . Besides these pharmaceutically valued essential oils, many others are used in the fragrance and flavour industry for their scent and taste. It seemed worthwhile to evaluate their antibacterial value as well since pharmacologicallyactive substances are often also constituents of these fragrant essential oils, which are, so far, not being used for medicinal purposes [6] [7] [8] [9] [10] .
Many essential oils and absolutes from Morocco are important commodities for miscellaneous purposes. The chosen rosemary oil is used in pharmacy and physiotherapy as well as in flavors and fragrances. Moroccan wild chamomile oil is employed in aromatherapy, but also in the fragrance industry. Geranium oil and absolute are likewise one of the important ingredients for perfumery and aromatherapy. Rose absolute from Morocco is interesting, because the botanical source here is Rosa x centifolia L., while all other sources of rose oil and absolute use Rosa x damascena Mill. The results for Moroccan geranium oil and absolute, Moroccan wild chamomile oil, rosemary oil and rose absolute are presented in terms of chemical composition, as well as antimicrobial and anticandidal effects against some Gram-positive and Gram-negative bacterial strains responsible for food spoilage, as well Of interest are the olfactory differences between geranium oil and the absolute, whereas the chemical composition is largely comparable. While the oil has a potent floral note with rose connotations, the absolute is dominated by an intense green and leafy note, followed by a floral rosy heart note. Rose absolute from Morocco has a heavy floral and typical rose note brought about by the high amount of phenylethyl alcohol.
Using GC/FID and GC/MS 20 major compounds were identified in rosemary oil, representing 93.5% of the total compounds; in geranium oil 39 compounds representing 90.5%; in essential Moroccan chamomile oil 51 compounds representing 80% [16, 17] ; in rose absolute 29 compounds representing 94.8%; and in geranium absolute 33 compounds could be identified representing 85.4% of the total composition.
The smell of the absolute of geranium was evaluated as having green, floral, tender, rosy notes with an herbaceous and woody background. The essential oil of Pelargonium x ssp. was dominated by a floral, rosy, green, woody scent with a fishy top-note. This geranium oil is completely in accordance with the profile in ISO/DIS 4731. [20] The olfactory features of chamomile oil from Ormenis multicaulis Meir were evaluated as fresh, herbal and soft, floral with a slightly fruity connotation.
The character of rose absolute from Rosa x centifolia L. is lead by its high phenylethyl alcohol content in contrast to rose oil with a low amount of this alcohol and olfactory analysis evaluated the sample as heavy, Essential oils and absolutes from Morocco Natural Product Communications Vol. 5 (9) 2010 1351 Rosemary oils of Moroccan, Spanish and French origin have been extensively studied [18, 19] , establishing the occurrence of different chemotypes, based on the main compounds. 1,8-Cineole (43.5-57.7%), α-pinene (9.6-12.7%), camphor (7.4-10.8%) and β-pinene (5.5-7.8%) were identified consistently as main compounds in Moroccan rosemary oil, whereas rosemary oils of Spanish origin were characterized by a higher α-pinene (30-35%) content compared with 1,8-cineole (14-20%) and, in turn, a higher camphor (16.3-18.9%) and very low β-pinene content (2.2-3.4%). Totally different and inconsistent in composition were the French varieties of rosemary oil, which are composed of α-pinene (19.9-35.1%), 1,8-cineole (5.3-24.8%), linalool (1.6-9.4%), camphor (3.0-7.5%), bornyl acetate (1.2-14.3%) and camphene (5.9-8.3%). Furthermore, in a study accomplished by Elamrani et al. [19] , based on the different main compounds identified by GC, the occurrence of different chemotypes (α-pinene-type containing 37-40% α-pinene; camphortype with 41-53% of camphor; and the 1,8-cineole-type with 58-63% 1,8-cineole) was established. With the results of our measurements of Moroccan rosemary oil, our Moroccan rosemary oil with a very high content of 1,8-cineol (44%) would fit into the typical 1,8-cineolechemotype and could also explain the very good antibacterial activity found in our measurements. Rosemary oil from Morocco was, furthermore, evaluated as fresh herbaceous and green with camphoraceous and eucalyptus connotations. As can be seen, among the used test microorganisms, all essential oils and absolutes in our assay showed strongest antimicrobial activity against S. aureus, followed by B. cereus. The antimicrobial activity against Gram-negative bacteria could be summarized as follows: Geranium absolute and essential oil showed strongest activity against the Gram-positive bacteria S. aureus and B. cereus, while the antimicrobial activity against the Gram-negative bacteria E. coli and S. abony, as well as its activity against the yeast C. albicans was intermediate, but stronger when compared with P. aeruginosa.
The essential oil of wild chamomile from Morocco showed the best activity against S. aureus and B. cereus, while its activity towards E. coli, S. abony and C. albicans was intermediate, and the lowest activity was observed towards P. aeruginosa. Rose absolute showed antimicrobial activity comparable to that of chamomile oil, with the best activity against S. aureus No sample preparation was applied and all essential oils and absolutes were injected unaltered with a 0.5 µL plunger-in-needle syringe.
GC/FID and GC/MS procedures: GC/FID and GC/MS
analyses were carried out simultaneously using a Finnigan ThermoQuest Trace GC with a dual split/splitless injector, a FID detector and a Finnigan Automass quadrupole mass spectrometer, respectively. One inlet was connected to a 50 m x 0.25 mm x 1.0 µm SE-54 fused silica column (CS Chromatographie Service, Germany); the other injector was coupled to a 60 m x 0.25 mm x 0.25 µm DB Wax column (J & W Scientific, USA). The two columns were connected at the outlet with a quartz Y connector and the combined effluents of the columns were split simultaneously to the FID and MS detectors with a short (ca. 50 cm) 0.1 mm ID fused silica restrictor column as GC/MS interface. The carrier gas was helium 5.0 with a constant flow rate of 1.5 mL/min (non-polar column)// 2.2 mL/min (polar column). Injector temperature was 230°C, FID detector temperature 250°C, GC/MS interface heating 250°C, ion source at 150°C, EI mode at 70 eV, scan range 40 -300 amu. The following temperature program was used: 46°C for 1 min. to 100°C at a rate of 5°C/min.; 100°C to 230°C at a rate of 2°C/min.; and 230°C for 13.2 min. Identification was achieved using the Finnigan XCalibur 1.2 software with mass spectra correlations through the NIST 2005, Adams [12] , MassFinder and our own library and using the retention indices of reference compounds, as well as by comparison with literature data [11] [12] [13] [14] [15] . Quantification was achieved through peak area calculations of the FID chromatogram.
Olfactory evaluation:
The samples and reference compounds were olfactory evaluated by 2 professional perfumers and 1 aroma chemist. One droplet of either each essential oil sample or a reference compound was placed on a commercial odor strip. Comparison with literature data was accomplished [22] .
Test microorganisms and preparation of test inoculum:
The used test microorganisms were isolated from spoiled meat products (minced meat, sausages and pork fillet) and fresh milk in accordance with ISO testing procedures for microbiological examination of foods [23] [24] [25] [26] [27] [28] [29] [30] [31] . 
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Overnight bacterial cultures were prepared by inoculating about 2 mL of Mueller-Hinton Broth (MHB, NCIPD, Bulgaria) with 2-3 colonies selected from NA. Broths were incubated at 37°C for 24 h on a rotary shaker (220 rev/min). Inoculum was prepared by diluting overnight cultures by adding sterile MHB to achieve absorbance corresponding to 0.5 McFarland turbidity standards (1.0/1.5x10 8 CFU/mL). Yeast inocula were prepared in the same way, but instead of MHB, Saboraud Dextrose Broth (SDB, NCIPD, Bulgaria) was used and incubation was carried out at 28°C for 48 h.
Disc diffusion method:
The disc diffusion method was carried out as described by Saccetti et al. [32] in accordance with the reference methods of NCCLS [33, 34] . The Petri dishes (d = 90 mm), containing either solidified MHA or SDA, were inoculated by spreading 100 µL of bacteria or yeast inocula, respectively. Sterile paper discs Whatman 1 (d = 5 mm, NCIPD, Bulgaria) were soaked with 10 µL of undiluted sample (essential oil or absolute) and placed on the inoculated surface of the Petri dishes. Petri dishes were incubated at 37°C for 24 h and 28°C for 48 h for bacteria and yeast tests, respectively. The growth inhibition zone diameter (IZ, mm) was measured to the nearest mm.
Serial broth dilution method:
A serial broth dilution method was carried out in accordance with NCCLS recommendations [33, 34] . A stock solution to be tested was prepared by diluting essential oils and absolutes in DMSO (Sigma-Aldrich Co.). Stock solution was then added to culture broth, MHB for bacteria and SDB for yeasts, to reach final oil concentrations ranging from 3.28% (v/v) to 0.01% (v/v). Serial dilutions were inoculated with 100 μL of either bacterial or yeast inoculum, prepared as described above. The samples were then incubated at 37°C for 24 h and 28°C for 48 h for bacteria and yeasts, respectively, and the absorbance was read at 680 nm (CAMSPEC, UK). Control samples of inoculated broth without oil and without DMSO and inoculated broth with DMSO were also incubated under the same conditions. For the broth dilution method the mean absorbance of the duplicate samples was compared with the mean absorbance of the broth samples containing DMSO without oil to give a measure of the overall reduction in growth. The concentration of DMSO in the broth dilution assay was kept at a level to ensure that the effect on bacterial and yeast growth was minimal. Minimal Inhibitory Concentration (MIC) was defined as the lowest concentration which resulted in a reduction of > 90% in the observed absorbance. To determine minimal cidal concentration (MCC), 100 μL of each dilution showing no growth was spread on MHA and SDA for bacteria and yeasts, respectively. The inoculated Petri dishes were incubated at 37°C for 24 h and 28°C for 48 h for bacteria and yeast, respectively. The colony forming units were counted and compared with control dishes. MCC was defined as the lowest concentration that killed > 99.9% of the initial inoculum. Each experiment was performed in triplicate.
